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Available online 10 October 2016Ultrasound imaging is a very common and important diag-
nostic tool in current clinical practice. Many high-end
functional imaging systems, such as elasticity imaging,
have been proposed to improve ultrasound imaging in
diagnosis. In addition to functional imaging, the waveform
and signal characteristics of inverse scattering in tissue
have also been shown to be associated with tissue micro-
structure, and, therefore, analysis of ultrasound scattering
for characterization of tissues has become an interesting
topic for many researchers, even in industry. The best
example is the Acoustic Structure Quantification software
technology launched recently by Toshiba Ultrasound. This
technology uses the statistical distribution of inverse scat-
tered signals for the diagnosis of liver fibrosis.
When an ultrasound wave travels through tissue, in
principle, scattering will occur if the scatterer is smaller
than the wavelength of the incident wave. Different tissue
microstructures will produce scattering signals with
different characteristics. Based on randomness of scat-
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signals has been shown to be associated with the charac-
teristics of the tissue. This method is very common. In the
1970s, many investigators began to study the relationship
between the probability property of inverse scattering and
the characteristics of tissue. Commonly used statistical
models include the Rayleigh distribution, Rician distribu-
tion, K distribution, homodyned K distribution, Nakagami
distribution, and compounding Nakagami distribution. The
use of statistical parameters to develop parameter images
for biological and clinical investigations has received
increasing attention from researchers over the past 10
years. For example, Professor Tian Liu of the Department of
Radiation Oncology at Emory University proposed using
Nakagami imaging for quantification of the degree of
radiotherapy-induced fibrosis [1]; Professor Ming-Xi Wan of
the Department of Biomedical Engineering at Xi’an Jiaotong
Univeristy proposed using ultrasonic Nakagami imaging for
the monitoring of high-intensity focused ultrasound [2]; the
research team from University of Coimbra in Portugal used
Nakagami image to assess regional hardness in cataracts
[3]; and Professor Wei-Ning Li of the Department of Elec-
trical Engineering at University of Hong Kong characterized
heart muscle aniosotropy by using ultrasound Nakagami
imaging [4]. Professor Noble of the Department of Engi-
neering Science, University of Oxford developed a small
window Nakagami imaging technology during the process of
clinical validation [5], and the Medical Ultrasound Labora-
tory of Chang Gung University Department of Medicalof Ultrasound in Medicine. This is an open access article under the
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modulated compounding Nakagami imaging [6]. All of
these studies are significant milestones that will improve
the quality of ultrasound imaging.
When assessed in the context of conditions of actual use,
the parameter image has a major limitation. Because the
image can be reconstructed only under the condition when
the data follow a particular statistical model, the estab-
lished images of ultrasound parameters will lose their
physical significance if the data obtained are not the orig-
inal radio frequency signal or have been subjected to
nonlinear processing. To overcome the limitations
mentioned above, we need to set a new direction for
constructing the images of ultrasound parameters outside
the statistical model ultrasonic method. Most importantly,
we must establish a method that is not based on the original
mathematical model for estimation of new ultrasound pa-
rameters so as to offer more flexibility and a wide range of
applications while reflecting the inverse scattering signals
(Figure 1).
The foregoing discussion leads one to question the na-
ture of information. According to past descriptions pro-
vided by mathematicians, we can imagine that information
is not a type of data that follows a particular distribution;Fig. 1 Examples of applications of entropy images of ultrasound
fibrosis with different pathological scores: the blue area of the ima
entropy. (B) Benign and malignant breast cancer: malignant tumors
area increases with the degree of cataract, indicating increased erather, information should be the expression of various
possibilities. In 1948, the American mathematician Shannon
published a report titled A mathematical theory of
communication in The Bell System Technical Journal [7].
This landmark publication is the beginning of studies of
modern information theory. In this paper, Shannon defined
information entropy to measure the degree of randomness
or uncertainty generated in a system, which became known
as Shannon entropy. The significance of the information is
reflected by using Shannon entropy to measure the
randomness or uncertainty of a system, which is a core
concept of information theory. In 1992, Professor Hughes at
the University of Washington began to introduce Shannon
entropy to the ultrasonic field [8], not only to analyze wave
characteristics of ultrasonic signals, but also to investigate
the quantitative expression of the entropy images of ul-
trasound based on tissue characteristics. Recently, we also
developed the entropy image of ultrasound by using a
simple model of histograms [9] and defined the weighted
entropy to provide greater sensitivity in diagnosing the
changes of the scattering microstructures of tissues [10].
The Shannon entropy analysis model is superior to the ul-
trasound statistical model for three reasons: (1) the en-
tropy is not a mathematical model, and the signal itselftested recently by the author. (A) Entropy images of hepatic
ge increases with a higher score of fibrosis, indicating reduced
have a lower entropy. (C) Cataract of varying degrees: the red
ntropy.
Scattering statistics in ultrasound 85does not need to follow a particular distribution, and thus is
more flexible in practical application; (2) the entropy is
calculated based on radio frequency signals and can truly
reflect the information of signal waveform; (3) the entropy
is not limited by mathematical models, which offers an
opportunity to develop image parameters for the ultra-
sound system that is unable to provide the raw ultrasound
data.
In the future, the realization of a new generation of
ultrasound parametric imaging technology based on infor-
mation entropy will be very promising if a comprehensive
physical interpretation of entropy can be provided with
validation of this technique in clinical practice by physi-
cians and with industry support.References
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